Information on fishing strategy is essential to manage the Indonesian tuna fishery. Therefore, it is important to attempt to characterise the fishing strategies of the fishery. This paper attempts to classify longline sets recorded by the Indonesian Indian Ocean Trial Observer Program based on similarity of their tuna catch composition to characterise fishing strategy of the fishery. Cluster analysis was applied to identify longline sets to be targeting each of the four tuna species (big eye tuna-Thunnus obesus, yelfow fin luna-Thunnus a/bacores, albacore-Thunnus alalunga, and southern blue fin tunaThunnus maccoyii) based on their relative contribution to the tuna catch composition. Seven main clusters were identified. Big eye were predominantly caught (31.68%), followed by albacore (25.31%), yeflow fin tuna (25.09%), and southern blue fin tuna (17.92%). Big eye tuna and a combination of big eye and yellow fin tuna were predominantly targeted in the Indian Ocean above 20'S, whereas albacore and southern blue fin tuna were targeted in the Indian Ocean below 20"S. In addition, big eye tuna were targeted in the northern part by using deep longlines and predominantly using sardines (Sardinetla spp.) as bait. Albacore were apparently also targeted in the southern part using deep longlines, by using sardines and gizzard shad (Anodontostoma chacunda) as bait.
INTRODUCTION
Longlining was introduced to Indonesia by Japan in the 1930s, when test fishing was conducted by Japanese longline vessels in lndonesian waters.
However, Indonesia commenced its commercial tuna longline fishing in the 1960s (Simorangktr, 1982; Proctor et a|.,2003) . Currently, Indonesia has the largest fleet of commercial tuna longline vessels in the Indian Ocean i.e. 1782 active vessels in 2003 (Anonymous, 2006) . The Indian Ocean Tuna Commission estimated that Indonesian longline catches between 1996 and 2000 were the highest in the Eastern Indian Ocean (Campbell, 2003) . The high catches were due to both the re-flagging of many longliners from Taiwan, China to Indonesia and the increase in the number of longliners built in Indonesian shipyards. However, Indonesia has not been able to manage its tuna longline fishery. In order to be able to manage the fishery, it is essentialto understand fishing strategies in terms of species target, fishing position, and gear type i.e. deep or surface longline and bait species. lt is therefore important to attempt to characterise the fishing strategies of this fishery.
Benoa Port situated in Bali is one of the most important landing ports for tuna caught by the lndonesian industrial fleet operating in the Indian Southern blue fin tuna were caught by lndonesian longline vessels targeting yellow fin tuna and big eye tuna in the South ofJava and around the Lesser Sunda lslands (DGCF et al., 2OO5) , but it was found that few vessels were targeting southern blue fin tuna south of the southern blue fin tuna spawning grounds i.e. south of 20'S (Davis et a\.,2005; Proctor et al.,2OO7) .
Within a multi species fishery, fishing strategies are commonly changed to target different species, and this in turn, may change the extent io which catch rates reflect stock abundance, as the effectiveness of effort in catching different species relies on the fishing strategy (He ef a/., 1997). At one extreme, these targeting practices may result in numerous zero catch sets for tuna species that may not be targeted'
In the Benoa based longline fishery fishers sometimes switched target species between fishing trips or between sets within a fishing trip. In fact, this is common in most other longline fisheries, such as in the Hawaii based longline fishery (He et al', 1997) and the Japanese longline fishery off Western Australia (Dowling & Campbell, 2001 He et al. (1997) stated that catch composition reflects the final output of fishing that contains information that can be used to identify fishing strategies. lt has been further argued that catch composition can be used as an indicator of actual target species (Salthaug & Gods, 2001 were 32 sets (4% of the 793 sets) with no tuna reported, and these were eliminated before the cluster analysis.
Catch and effort data were recorded as the number of fish and the number of hooks recorded per set, respectively. The tuna catch for this fishery consists of fourspecies, big eye tuna, yellow fin tuna, albacore, and southern blue fin tuna, and other byproduct species. However, the analysis in this study is only concerned with the four tuna species. The proportion of each tuna species in the tuna catch was used in the cluster analysis.
Information on fishing strategies was also recorded by the observers for each set. This includes fishing area by latitude and longitude, number of hooks between floats and bait type. There were six bait species used, i.e. sardines (Sardinella spp.), milkfish (Chanos chanos), scad mackerel (Decapterus spp.), gizzard shad (Anodontostoma chacunda), frigate tuna (Auxisthazard), and squid (Loltgro spp.).
In term of gear type, longline gears were arbitrarily classified, based on the number of hooks between floats or branch lines (Suzuki et al., 1977) . Deep longlines were defined as having at least 10 branch lines, whereas surface longlines were defined as having 4-6 branch lines.
Analysis
Cluster analysis was used to identify sets considered to be targeting each of the four tuna species based on their relative contribution to the tuna catch composition. Specifically the cluster analysis is aimed to classify the 761 sets based on their similarity of tuna catch composition and to combine the most similar sets into one group. Further, for each set, the catch composition was calculated and expressed as proportions relative to the total of the four tuna species yellow fin tuna, big eye tuna, albacore, and southern blue fin tuna. In order to meet the statistical property of normality, the proportions were arcsine square root transformed to normalise their distribution (Snedecor & Cochran, 1980) . Hierarchical cluster analysis is impractical for a large data set i.e. of more than 100 entities (Schonlau, 2003) . As 761 sets were used, clusters were developed in two stages. Firstly, a non hierarchical cluster analysis (K-means method) was used to group all records into 100 clusters using the Clara procedure (cluster package) of the R software using euclidean distance. Secondly, an agglomerative hierarchical cluster analysis i.e. ward method was applied to the 100 medoids resulting from the non hierarchical analysis. A dendrogram showing the degree of relatedness between the 100 medoids was produced, and the main groups of clusters were chosen to form the main cluster categories. Tuna catch composition for each cluster belonging to cluster 5 caught mostly both big eye tuna (56%) and albacore (41"h).
The average of tuna proportion across all cluster showed that big eye tuna were predominantly caught (32.687"), followed by albacore and yellow fin tuna (25.31 and25.09"/", respectively). Southern blue fin tuna had the lowest propor.tion (17.92%).
A clear separation was revealed by the spatial distribution of effort (number of sets) by cluster ( Figure  2 The distribution of sets by cluster and quarter showed that there is no quarterly pattern, however, clusters 1 (yellow fin tuna/big eye tuna), 3 (big eye tuna), and 7 (albacore) were the most predominant over the studied period (Figure 3a) . 
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Cluster number addition, big eye tuna were targeted in the northern part by using deep longlines and predominantly using sardines as bait. Albacore were apparently targeted in the southern part using deep longlines and using sardines and gizzard shad as bait.
